Study aim: the purpose of this study has been to develop teaching materials to help improve junior high school students' fundamental ability to repeatedly run and jump with a high and far-reaching travelling motion and to confirm the effectiveness of a new unit using teaching materials that are experimental in comparison to a conventional unit. Materials and methods: one unit emphasized the conventional approach. This unit aims to improve the ability to step over hurdles. To help improve this ability, a 'step-up hurdle' was used as the conventional teaching material. This task focused on reducing the up-and-down motion using three hurdles whose height was set lower than those used in a competitive hurdle run. The other unit aims to improve the ability to jump high and far over hurdles. To help improve this ability, 'high-jump hurdles' were developed and used as the teaching material. The motor skill task was to clear three hurdles without knocking a hurdle down, with the hurdle height set as high as possible. Such conventional and new units were used for a group of 25 girls and a group of 18 girls in a junior high school (CON and EXP, respectively) and were conducted during six lessons. Results: EXP's high-jump hurdle scores significantly increased throughout the advanced lessons. While CON did not significantly improve its hurdle running times in a post-test, there was a significant improvement in EXP. Although CON did not significantly lengthen the horizontal clearance distance from take-off to landing in the post-test, there was a significant lengthening in EXP. Conclusions: these findings suggest that new teaching material for teaching hurdling in physical education which aims to improve the ability to jump high and far over hurdles improves hurdle running time and improves the fundamental ability to repeat running and jumping travelling motor skills in contrast to traditional materials.
Introduction
One of the purposes of physical education (PE) is to provide students with opportunities to acquire various motor skills. In PE lessons, the learning content (we define learning content as things that students learn as part of teaching-learning activities in a unit) for motor skill development sometimes draws on competitive sports for adult athletes as its original material.
In competitive hurdle running, most elite hurdlers clear hurdles at a height of 58% of their body height [5] . The horizontal distance from the toe at take-off to the next toe at landing during the hurdle clearance (horizontal hurdling distance) is 3.59−3.96 m for elite hurdlers [4, 6, 10, 13] and is much longer than the step length at maximal speed during sprint running [12] . These biomechanical findings suggest that, just as competitive hurdlers jump over high hurdles, the learning content in PE hurdle running lessons related to travelling motor skills should be designed to develop the ability to jump over hurdles with a high and farreaching travelling motion [10] .
This hurdle-jumping learning content in PE lessons based on biomechanical evidence for adult athletes is supported by cross-sectional biomechanical studies of PE lessons [17, 19] . In a sixth-grade elementary school PE class, students who are faster at hurdle running take off from a position farther from the hurdle and land in a position farther from the hurdle [17] . This finding partially undermines the usual learning content taught in PE lessons, which teaches students to land closer to the hurdle [22] ; the other study achieved a similar result for first-and second-grade students in junior high school [19] . The shorter hurdle running time correlated with a shorter hurdle clearance time [19] , which was equal to the vertical displacement of the whole body when clearing the hurdle (vertical hurdling displacement). However, this vertical hurdling displacement is dependent on a student's height, even if a group of students all clear hurdles of the same height. For this reason, it has been suggested that reducing the up-and-down motion of the whole body during the hurdle clearance and/or jumping no higher than necessary to just clear the hurdle without touching it does not directly improve hurdle running times in PE lessons.
In a hurdle running trial, it is possible to teach students to clear hurdles by jumping with a high and far-reaching travelling motion in PE, and this shortens hurdle running times for sixth-grade students in elementary school; 'high travelling motion' is interpreted to mean 'high enough for some students to just clear the hurdle while worrying about hitting it' [18] . Such learning content can enable all students to easily clear hurdles without experiencing any fear. However, the effectiveness of this learning content has not been confirmed for the next developmental stage. The current Course of Study in Japan has emphasized the need to organize and systematize the learning content in PE lessons [14] . At the junior high school developmental stage, the physical growth and sexual maturation of adolescents accelerates quickly [20] , and the timing of peak growth velocity varies across different parts of the body [2, 8] . For this reason, it is especially important for adolescent students to learn to control and coordinate the motion of the whole body through complex forms of exercise such as hurdle running. Following the suggestion of Ito [10] , students work to improve the fundamental ability to run and jump repeatedly as high and far as possible by undertaking the challenge of clearing higher hurdles, in accordance with their own body height. In junior high school, therefore, where the hurdles are higher in relation to the students' heights than the ones used in elementary schools, it is necessary to teach the technique of trailing a leg so that students do not knock down the hurdle. In addition, teaching material (different from learning content; we define teaching material as physical activity that can help students apply the learning content) that uses a hurdle whose height is set higher than a normal hurdle could help students improve their ability to jump high and far over hurdles. This is because the muscle strength in the lower limbs would be enhanced so as to resist the large magnitude of ground reaction forces during the take-off and landing and to lengthen the horizontal hurdling distance. Therefore, we hypothesized that this teaching material would change different hurdle clearance motions, such as lengthening the horizontal hurdling distance in hurdle running trials, compared to conventional learning content and teaching materials; it would thus shorten the hurdle running time after the experimental unit. However, previous studies have not developed such teaching materials. Thus, new teaching materials are needed in junior high school to improve students' ability to run and jump repeatedly.
The purpose of this study was to develop teaching materials to help improve junior high school students' fundamental ability to repeatedly run and jump with a high and far-reaching travelling motion (we defined this teaching material as new teaching material) and to confirm the effectiveness of a new unit using experimental teaching materials compared to a conventional unit.
Material and methods

Participants
Forty-three girls (age: 12−14 years) in four classrooms participated in hurdle running units. We randomly divided the four classrooms into experimental and control groups (EXP (n = 18) and CON (n = 25), respectively). The body heights of EXP and CON were 153.3 ± 4.9 cm and 155.1 ± 5.3 cm, respectively. We explained the purpose and details of the data collection process to the participants and their guardians before the experiment and obtained informed consent. We conducted this experiment after obtaining approval from the Research Ethics Committee involving Living Human Participants in Biwako Kusatsu campus, Ritsumeikan University.
The main teacher for both units was female and had 1.5 years of experience in teaching PE and eight years of experience as a competitive hurdler (CA). She was supported by one researcher (MO) who assisted in teaching the hurdle running units (this instructor had 8.5 years of PE teaching experience and 14 years of experience as a competitive hurdler).
Hurdle running units
During basic lessons, various inter-hurdle distances were prepared and we instructed participants to run between the hurdles in a three-step rhythm [11] . After completing these basic lessons, each EXP and CON student took different advanced lessons (Fig. 1) . First, so as to learn the basic motor skills needed for hurdle running, students took lessons on how to 'clear hurdles smoothly from a rhythmic run' (basic lessons; III. Motor skills [psychomotor domain] in Table 1 ) [14] .
Control units. The control lessons followed the guidelines of many conventional teaching texts: students in the hurdle-running lessons focused on jumping no higher than necessary to just clear the hurdle without touching it. The sub-learning content involved stepping over hurdles [22] and learning to trail one leg parallel to the ground [22] . Such a hurdle clearance is mainly taught from the third year of Japanese junior high school [14] .
In order to develop the advanced motor skills of stepping as low as possible, we developed a 'step-up hurdle' to use in the teaching material. This task focused on reducing the up-and-down clearance motion using three hurdles whose height was set lower than those used in a competitive hurdle run. Gradually, the hurdle height increased from 45 cm to 50, 55, 60, 65 and 70 cm. When teaching students to trail a leg parallel to the ground, the 'hurdler stretch' was used as a sub-teaching material, although this is regarded as a contraindicated exercise in the Physical Education Framework for California Public Schools [3] .
Experimental units. Hurdle-running lessons in which the learning content focused on improving travelling motor skills so that students could jump high and far [10] were defined as experimental lessons. The sub-learning content included jumping over hurdles and learning to trail a leg parallel to the abdomen. In order to improve the advanced motor skills of jumping high and far (III. Motor skills [psychomotor domain] in a. To enable students to concentrate on learning actively and to have a sense of purpose and an awareness of issues. b. To enable students to understand their own roles and those of their peers; to fulfil all of their responsibilities and to cooperate with one another. c. To enable students to learn to hurdle carefully, taking the safety of their peers and others seriously.
II. Thinking and decision-making (Cognitive domain I)
a. To enable students to recognise their own tasks. b. To develop a thinking process that will enable students to solve problems and improve their motor skills.
III. Motor skills (Psychomotor domain)
#Basic$ a. To enable students to run inter-hurdle distances quickly (rhythmically). b. To enable students to take off at high speed for each inter-hurdle distance, stepping over hurdles and maintaining their running speed without much deceleration. c. To enable students to bend their trailing legs, keep them parallel to the ground and move forward. #Advanced$ §Experimental unit d. To enable students to run toward the first hurdle with maximal effort. e. To enable to students to jump high and far over hurdles. f. To enable to students to keep their trailing leg parallel to the abdomen. §Control unit d. To enable students to run toward the first hurdle with maximal effort. e. To enable students to step over hurdles, jumping no higher than necessary to just clear the hurdle without touching it. f. To enable students to keep their trailing leg parallel to the ground.
IV. Knowledge and understanding (Cognitive domain II)
a. To enable students to understand the systematics and structure of skill. b. To enable students to understand the rules of competition. 'high-jump hurdles' to be used in the teaching material. In the teaching material, the students' motor skill task was to clear three hurdles without knocking a hurdle down, with the hurdle height set as high as possible. In experimental lessons, students attempted this task in six classes, with hurdle heights that rose incrementally from 65 to 90 cm in 5 cm increments ( Fig. 2A) . The inter-hurdle distance was set at 5.0 m so that students could run in a three-step rhythm. In attempting the high-jump hurdles, students were taught to push off from the ground at the instant of take-off, maintaining balance throughout the whole body so as not to hit their leading or trailing legs against the hurdle; they resumed running immediately after clearing the hurdle. Their high-jump hurdle scores, which were evaluated by the hurdle heights that they cleared, were reported later in a questionnaire survey. This motion of jumping as high as possible in high-jump hurdles enabled students to enhance the muscular strength in their lower limbs and to jump over hurdles as far as possible during the hurdle-running trial, which used a hurdle with a lower height. When teaching the trailing leg motion, teachers used a method that involved practicing the trailing leg technique by pretending to sit on an Asian-style toilet ('sitting on an Asianstyle toilet'), as described in the sub-teaching materials [10, 18] . The main differences in learning content and teaching materials between the experimental and conventional units are underlined in Tables 1 and 2 .
To promote learning when practicing high jump hurdles, a height-adjustable hurdle made of polyvinyl chloride pipe (PVC) was developed as a teaching tool (hereafter, the 'height-adjustable PVC hurdle'). This was an improvement on the hurdle used in a previous study [1] , Conventional unit -Introduction of the 'step-up hurdle'
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Advanced skills (student-direction)
Experimental unit -Trailing leg parallel to the abdomen by 'sitting on an Asian-style toilet' -Clearing hurdles by jumping as high as possible using a 'high-jump hurdle'
Conventional unit -Trailing leg parallel to the ground using the 'hurdler stretch' -Clearing hurdles no higher than necessary to just clear the hurdle using a 'step-up hurdle'
Competitive hurdle run
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Post-test (time trial)
The differences between the experimental and control units are underlined.
as its height could be set between 35 and 110 cm at 1 cm intervals using a PVC pipe band (Fig. 2B-C) . The height-adjustable PVC hurdle was 1) pain-free (Fig. 2D) , 2) cheap (costing approximately 10 euro per hurdle) and 3) small enough to fit into a storage space. The heightadjustable PVC hurdle was used in both the experimental and control units. Procedure. Table 1 shows the objectives of each element of the experimental and control units as follows: I) Motivation, interest and attitude (affective domain); II) Thinking and decision-making (cognitive domain I); III) Basic motor skills (psychomotor domain); and IV) Knowledge and understanding (cognitive domain II). These objectives represented aspects of both the experimental and control units. The third element (III -Advanced motor skills) separately represented the experimental and control units. Tables 2 and 3 provide lesson-by-lesson details of both unit plans.
Six basic and advanced lessons were conducted for two days a week. Each lesson was scheduled for 50 minutes and was conducted during the same day. During the latter parts of each lesson, we instructed students to compete in hurdle running against their peers (competitive hurdle run: Table 2 ). The same amount of practice in competitive hurdle running was undertaken in both EXP and CON. To allow all students to run in a three-step rhythm appropriate for their own levels of ability, six lanes were designed, using different hurdle heights (60−70 cm) and inter-hurdle distances (5.0−6.5 m) in the time trial and competitive hurdle run. For the competitive hurdle run, students selected an inter-hurdle distance they could run in a threestep rhythm, and their 50-m hurdle running times were recorded during the third and sixth lessons (pre-test and post-test, respectively). 
Fig. 2. Height-adjustable PVC hurdle (A)
. Height-adjustable PVC hurdle used as a teaching tool in high-jump hurdles. PVC pipe band used to adjust hurdle height (B,C). A horizontal PVC pipe rolled over polystyrene foam was hung from the PVC pipe band so that students would not feel afraid of knocking it down (D). This polystyrene foam-rolled pipe will drop down easily when hit
Motion analysis
The 50-m hurdle running time was calculated using a video camera (HDR-CX170; Sony; Japan) which was placed on the left-hand side of the goal line and sampled at 60 Hz. The hurdle running time was measured from the instant the gun flashed to the instant the participant's torso passed the goal line.
The hurdle clearance motion at the second hurdle was captured using a high-speed camera (GC-PX1; JVC; Japan) placed at the left-hand side of the hurdle and sampled at 300 Hz. The horizontal distance from the toe at take-off to the next toe at landing during the hurdle clearance was calculated by converting digitized coordinates to real coordinates using reference points placed on both sides of each hurdle (the horizontal hurdling distance). Vertical distances from the hurdle to the heel of the leading leg (the vertical distance between the hurdle and heel of the leading leg), the knee of the trailing leg (the vertical distance between the hurdle and the knee of the trailing leg) and the ankle of the trailing leg 
Questionnaire survey
A questionnaire instrument based on EXP and CON was used to solicit students' self-evaluations of their own advanced motor skills in hurdle running. Sample questions included 'Were you able to jump high and far over hurdles?' and 'Were you able to jump no higher than necessary to just clear the hurdle without touching it?'. At the end of the fourth and sixth lessons, questions were rated in accordance with the following three-point scale: '3 = yes', '2 = not sure' and '1 = No'.
Statistics
Testing for mean differences in the high-jump hurdle scores was carried out using the repeated analysis of variance (ANOVA). If the repeated ANOVA was significant, the multiple significance tests were used with a Bonferroni adjustment. Two-way repeated-measure ANOVAs and the post-hoc tests were used to determine the different effects of the two teaching materials (time [pre-and posttests] x group [EXP and CON]). The Wilcoxon test used paired samples of the student evaluation questionnaires. The significance was set at p < 0.05 for all tests.
Results
EXP's high-jump hurdle scores significantly increased throughout the advanced lessons (p < 0.05; Fig. 3A) . No   Fig. 3 . Changes in high-jump hurdles scores in EXP in an advanced lesson (A) and hurdle running times in EXP and CON in the pre-and post-tests (B). The hurdle height (C) and inter-hurdle distance (D) that the students selected for 50-m hurdle running in the pre-and post-tests. #p < 0.05. ##p < 0.01 differences were observed between EP and CON in any of the variables in the pre-test. While the 50-m hurdle running time in EXP was significantly shorter in the post-test relative to the pre-test (p < 0.01), no significant difference was observed in CON between the pre-and post-tests (Fig. 3B) . No significant differences were observed in the EXP and CON hurdle heights in 50-m hurdle running between the pre-and post-tests (Fig. 3C) . While the interhurdle distances in 50-m hurdle running in EXP was significantly lengthened in the post-test relative to the pre-test (p < 0.05), no significant difference was observed between CON's pre-and post-tests (Fig. 3D) .
While the horizontal hurdling distance in EXP was significantly lengthened in the post-test relative to the pretest (p < 0.05), no significant difference was observed in CON between the pre-and post-tests (Fig. 4A) . In both EXP and CON, no significant differences were observed in the vertical distances between the hurdle and the heel of the leading leg (Fig. 4B) or the ankle of the trailing leg (Fig. 4D) between the pre-and post-tests. While the vertical distance between the hurdle and the knee of the trailing leg in CON was significantly lengthened in the post-test relative to the pre-test (p < 0.01), no significant difference was observed in EXP between the pre-and post-tests (Fig.  4C) . In both EXP and CON, no significant difference was observed in the estimated vertical hurdling displacement between the pre-and post-tests (Fig. 4E) .
While the student evaluation in EXP was significantly enhanced in the post-test relative to the pre-test (p < 0.05), no significant difference was observed in CON between the pre-and post-tests (Table 3) .
Discussion
This study aimed to develop new teaching materials to help improve junior high school students' fundamental ability to repeat the action of running and jumping high and far and to compare the impact of experimental teaching with more conventional resources. The score for 'high-jump hurdling', which was developed as part of the new teaching material, increased throughout the advanced lessons in the experimental unit. Interestingly, as EXP lengthened its horizontal hurdling distances in the posttest relative to the pre-test, it significantly improved its hurdle running times in the post-test. In contrast, no significant change in hurdle running times was observed in CON between the pre-and post-tests; these students were taught the 'step-up hurdle' approach, as described in the conventional teaching material. This suggests that highjump hurdles can improve hurdle running time and can furthermore improve PE students' fundamental ability to repeatedly run and jump high and far relative to students who have be taught using the conventional step-up hurdle approach. According to cross-sectional studies of junior high school students, a significant correlation was observed between hurdle running time and horizontal hurdling distance [19] . In the post-test relative to the pre-test, the horizontal hurdling distance of EXP was significantly lengthened, corresponding to the findings of previous studies [19] . This may be because the high-jump hurdle scores improved in the sixth lesson, and therefore the magnitude of ground reaction forces at the instant of take-off and landing increased during the hurdle clearance. Students advanced their motor skills to be able to clear three hurdles without knocking the hurdles down, with the height of the hurdles set as high as possible. Students who knocked down the high-jump hurdle realized that they had not developed sufficient hurdle-jumping skills to clear the hurdle without hitting it. According to Schmidt [21] , extrinsic feedback, which provides learners with external information about their progress, is an advantage for learning motor skills. For the high-jump hurdles, we asked students to clear the height-adjustable PVC hurdle developed as a teaching tool. When they failed to clear a high hurdle by hitting the hurdle, the horizontal bar was immediately knocked down by the leading or trailing leg, thereby providing useful feedback to help students become better jumpers. As a result, the high-jump hurdle can be considered a teaching material that involves extrinsic feedback. In fact, the evaluation of EXP's advanced skills significantly increased in the post-test relative to the pre-test.
The hurdle running time in CON did not significantly change in the post-test relative to the pre-test. In a previous study that investigated the effect of conventional teaching content on elementary school students, which consisted of teaching them to jump no higher than necessary to just clear the hurdle and which corresponded to the material used in this study, it was found that students significantly improved hurdle running times after the conventional unit [18] . This finding in the previous study on sixth-grade elementary school boys and girls [18] did not correspond with the findings in this study: there were no significant changes in CON's hurdle running time. This might be due to the fact that trainability is higher at the elementary school developmental stage than at the junior high school level because of the previous hurdle running experiences. Another contributing factor might be the mixed sampling of boys and girls in the previous study [18] .
For CON, jumping no higher than necessary to just clear the hurdle without touching it was the main aim. However, no significant differences in the estimated vertical hurdling displacement and vertical distances between the hurdle and the heel of the leading leg and ankle of the trailing leg were observed in the CON between the preand post-tests. This suggests that CON was not trained to clear the hurdle as close to the hurdle as possible by using the step-up hurdle approach in the post-test. First of all, changes in hurdle running time can be considered as being independent from changes in vertical hurdling displacement due to EXP's results. In fact, a cross-sectional study has discussed the idea that reducing vertical hurdling displacement does not directly lead to a reduction in hurdle running time when considering body height [19] . Therefore, perhaps CON could not shorten the hurdle running time because they concentrated on changing their vertical hurdling displacement. Students are conventionally taught from the developmental stage of elementary school PE to be as close to the hurdle as possible [22] . However, our results have demonstrated that controlling vertical displacement during hurdle clearance is not required to improve hurdle running times in PE lessons held during the junior high school developmental stage. Students taught to clear hurdles by staying as close to the hurdle as possible should use high hurdlesduring the junior high school developmental stage. In contrast, CON's vertical distance between the hurdle and the knee of the trailing leg was significantly greater in the post-test relative to the pre-test. This might be a result of using the hurdler stretch in the applied lessons. However, we cannot explain this in detail because we cannot measure how the flexibility of the trailing leg increases with the hurdler stretch.
In conclusion, the teaching material developed for this study, which encourages students to jump high and far over hurdles, is more effective than the conventional teaching material. The EXP improved not only its hurdle running times but also the fundamental ability to run and jump repeatedly during the hurdle running lessons. This finding suggests that the new teaching material, which aims to improve the ability to jump high and far over hurdles, could be useful for activities beyond hurdle running and could help students learn fundamental skills to repeatedly run and jump with a high and far-reaching travelling motion.
